Introduction
/tEfxi:m/ or emphasis is a term meaning 'dignifying'. Medieval Arab linguists referred to emphasis with terms like /Ut ! baq/ (lidding) and /Uisti!laaU/ (raising). The term /Ut drawn back towards the vertical back wall of the pharynx to form a stricture'. Khan's [10] definition of /tEfxi:m/ as a 'secondary articulation' goes in line with this approach. Davis [11] believes that these sounds are produced with a primary articulation in the dental/alveolar region and a secondary articulation in the upper pharynx.
A third view is held by Zawaydeh [12, 13] suggesting that /tEfxi:m/ is uvularization. She believes that uvularization as a secondary articulation is the result of tongue back retraction towards the uvula.
This disparity might be related to articulatory variations among the different Arabic dialects [14] and the impressionistic view that some researchers adopted in their early accounts of emphatic consonants [7] . What is of special importance for us in this study is Zawaydeh's [12, 13] belief that /tEfxi:m/ is uvularization. The subject of Zawaydeh's two studies is the author herself. A fiber-optic endoscope was inserted through her nasal passage into the pharynx an inch below the uvula. A list of emphatic, uvular, pharyngeal and laryngeal sounds were videotaped. As a result of the endoscopic images and the acoustic analysis, Zawaydeh believes that emphatics in Arabic are uvularized.
The Articulatory Mechanism of the Emphatics
Odisho [ 15 , p. 37] believes that /tEfxi:m/ is achieved in everyday speech through 'a complex of articulatory movements leading to a rapidly shifting and complicated configuration of the vocal tract beginning from a slightly raised larynx and ending with slightly rounded and protruded shape of the lips'. Panconcelli-Calzia [16] suggests that /tEfxi:m/ is characterized by a contraction of the pharyngeal muscles with the hyoid bone being retracted and the larynx raised. This is accompanied by lowering the epiglottis towards the glottis. The difference between Panconcelli-Calzia [16] and Marçais [17] is that for Panconcelli-Calzia it is the contraction of the pharynx and the retraction of the hyoid bone that causes the constriction, while for Marçais it is the retraction of the root of the tongue into the pharynx that causes this constriction.
Ali and Daniloff [8] agree that it is the tongue root retraction into the pharynx that causes the constriction without a noticeable raising of the hyoid bone or the larynx. Al-Ani [5] adds to this laryngeal constriction a slight retraction of the tongue from its main place of articulation. In their fiber-optic study, Laufer and Baer [7 , p. 193] find that during the production of emphatic sounds 'the epiglottis forms a constriction with the pharyngeal walls and that the root of the tongue, at the bottom of the pharynx, also moves backward'. Those who believe that /tEfxi:m/ is velarization agree with most of these articulatory postures and stress the fact that the 'back of the tongue is raised towards the back of the velum' [2 , p. 21] .
To sum up, the common physiological configurations for the production of emphasis based on the previously discussed studies incorporate a retraction of the tongue back/root towards the uvula/velum or posterior pharynx and with a slight retraction of the tongue tip within the place of primary articulation of the sound. This is accompanied by a lateral pharyngeal constriction and a slight raising of the epiglottis and larynx. Slight lip rounding and protrusion have also been noted [18] . The disparity regarding the zone of tongue retraction, i.e. velum [1] [2] [3] , posterior pharynx [4] [5] [6] [7] [8] [9] [10] [11] , or uvula [12, 13] , is accompanied by different views concerning whether hyoid bone and larynx settings are secondary dependent [8, 17] or independent [16] consequences of tongue gesture.
Method
The aim of the study is to identify the articulatory mechanisms involved in the production of Jordanian emphatic consonants. To achieve this goal, 2 males and 2 females with graduate degrees in the Arabic language and literature participated in the current study. They were in their mid twenties to mid thirties with Jordanian Arabic being their first language. They all signed a consent form informing them of the materials (i.e. barium) and ionizing radiation used in the videofluoroscopic sessions. Participants sat for a tape-recorded interview with 2 trained speech therapists who asked them to read the study word list ( table 1 ). The everyday lect of 1 of the 2 males and females was the Jordanian colloquial spoken urban variety, while the other male and female speakers used the Jordanian colloquial spoken rural variety. Choosing participants specialized in Arabic made it easy for them to produce any of the study words. At the same time, their knowledge and usage of the colloquial spoken Jordanian varieties made them able to produce some of the study words with their different phonetic realizations. The speech of the participants seemed normal to the 3 authors of the study. They pronounced the target sounds in a very natural way. They neither sounded overly formal nor deeply colloquial.
The recording sessions started with the speakers reading each of the words in the list twice. They all started with the standard pronunciation for /t ! , d ! , s ! /. The speakers coming from urban dialectal backgrounds were then asked to read the etymological
] and the speakers coming from rural dialectal backgrounds were then asked to read these etymological /d ! / words as [ð ! ]. The reason behind doing this is that the Arabic /ð ! / words are limited in number. Moreover, it is extremely difficult to find /d ! / and /ð ! / minimal or minimal-like pairs. The /d ! / words used in the study were all familiar to the speakers and com-mon in their everyday rural dialect. So, it was thought that using the same words of the list with /d ! / and /ð ! / interchangeably would give more credibility to the study. Different steps were followed to achieve reliable and representative data. First, to examine the familiarity of the word list to the Jordanian community, a group of 50 quasi-randomly chosen Jordanian male and female adult undergraduate students speaking the urban and rural Jordanian dialects were divided into two judgment groups. The first group was asked to write down the meanings of the /t ! , d
! , s ! / words that were read to them loudly in standard Arabic. The second group was also asked to write down the meanings of the
] words that were read to them in the rural Jordanian colloquial Arabic. All participants were 95% similar to each other in the meanings they gave to all the words.
Second, measurements were done by a radiologist blind to the type of consonants produced. The total number of frames that were available at the end of the study was 384. These were 48 images for the emphatic/nonemphatic sounds produced by 4 speakers twice each. The frames of the nonemphatic sounds were given to the radiologist to measure the pharyngeal length and width, and the exact location of the larynx and hyoid bone. The results of every two frames for the same nonemphatic sound were averaged. The same procedure was applied to the emphatic counterparts.
The pharyngeal length (9.5 cm for males and 8.5 cm for females) of the 4 speakers was measured based on the distance between the skull base and the larynx opposite the cervical vertebrae (B to B+). The exact location of the larynx was opposite the upper margin of the 5th cervical vertebra for males and the lower margin of the 4th cervical vertebra for females (A to A+). The oropharyngeal width was measured based on the distance between the anterior edge of the vertebral body and the tongue root (D to D+). The hyoid bone was located based on a straight line leveled with its lower edge and the 3rd vertebra (C to C+) ( fig. 1 ) .
The actual length and width of the pharynx, hyoid bone elevation and larynx raising for all speakers were measured after calculating the magnification factor (MF) for videofluoroscopic images. The MF was measured after dividing the focus-image distance (FID) by the focus-object distance (FOD). The FID is concerned with the distance between the focusing cup from where X-rays originate towards the image intensifier and the FOD is concerned with the distance between the focusing cup and the object or body part. The difference was applied on a coin by measuring its real diameter and comparing it to the diameter mea- sured on the frame. The MF appeared to be 1.10714. The length and width of the pharynx were measured on the videofluoroscopic image and then divided by MF to know the real size of the pharynx. For example, the pharyngeal length was almost 10.51 on the videofluoroscopic image. The real length appeared to be 9.5 for males (i.e. 10.51/1.10714). Accordingly, the pharynx length and width, hyoid bone elevation and larynx raising from the source (i.e. 3rd vertebra and 4th/ 5th vertebrae, respectively) were measured for emphatic consonants in comparison with their nonemphatic counterparts. The tongue, hyoid bone and larynx gestures of the nonemphatic sounds were considered as reference points in calculating the percentage of changes in the emphatic sounds.
Recording Sessions
The 4 subjects of the study were provided with thick liquid barium to swallow prior and during the recording sessions. It helped in temporarily coating the inside lining of the mouth, pharynx and larynx, allowing the outline of these organs to be visible for live imaging. The videofluoroscopy was performed with the subject in the upright position in the lateral projection using a Toshiba videofluoroscopy machine coupled with two monitors. All subjects were asked to wear aprons for safety procedures.
Four persons were present during the recording sessions: a radiologist to administer the test, the first author with a trained speech therapist to watch one of the monitors and write down the exact frame of the target sound, and the second author with another trained speech therapist to watch the other monitor and record the live images appearing on the screen and the voice of the participant using a cam-camera. The speech therapists' notes, the cam-camera film and the images saved on the videofluoroscopy machine were reviewed by the authors and the speech therapists to agree on the exact frame of every target sound.
Results
The nonemphatic/emphatic word-initial and -final sounds examined in this study were /t, t fig. 2 ) . The tongue approaches its appropriate anterior region in the oral cavity with its root retracted into the oropharynx. As a result, the hyoid bone is elevated and the larynx is raised. Males, in general, narrow the oropharynx, elevate the hyoid bone and raise the larynx more than women ( tables 2-5 ).
Discussion
This study addresses three main questions: (1) Do Jordanian males and females produce emphatics with pharyngealization, uvularization or velarization? (2) What are the articulatory features accompanying the production of the emphatic consonants? (3) Does the hyoid bone elevate and larynx raise as a result of tongue retraction?
As for the first question, it has been found that Jordanian male and female speakers produce emphatics with pharyngealization. We keep a clear distinction between the voiceless and voiced pharyngeal fricatives /h ! / and /!/, which have primary articulation in the laryngopharynx, and pharyngealized consonants that have two simultaneous articulations, where the pharyngeal articulation, according to Catford [20] , is considered the secondary one with less constriction than the primary articulation [21] . The secondary constriction for the /t ! , d ! , s ! , ð ! / emphatics is in the oropharynx with an average 11 and 7% narrowing for males and females, respectively. This narrow- [12, 13] nasoendoscopic population is herself as a native speaker of Jordanian Arabic. However, positioning the fiber-optic 1 inch below the uvula raises a question on how it was possible for the author to see the uvular gesture for the emphatics. Results of other studies that show the emphatics as uvularized or velarized in other dialects could be attributed to the fact that emphasis is realized differently [22] .
In their acoustic and auditory analysis of /t, t ! / in Jordanian male and female speakers, Khattab et al. [23] find that the constriction made for the production of this emphatic sound is in the upper two thirds of the pharynx. The raising of the first formant and the lowering of the second formant indicate a constriction in the postuvular pharyngeal region.
The other articulatory configurations accompanying the oropharyngeal narrowing are the elevation of the hyoid bone and the raising of the larynx ( fig. 3 ) . The role of the hyoid bone or the larynx has been controversial in the pharyngealized consonants. In the current study, the hyoid bone is involved in the articulation of pharyngealized consonants. Males have much farther elevation than females due to physiological factors [24] . Since the hyoid bone supports the tongue root, the downward retraction of the tongue into the oropharynx is associated with hyoid bone elevation and upward movement of the larynx. The percentage of males' hyoid movement and larynx raising is higher than that of the females.
The elevation of the hyoid bone is done by the suprahyoid extrinsic muscles. 'The hyoid bone may consequently raise the larynx, given the absence of opposition by the infrahyoid muscles' [25 , p. 128] . The overall larynx elevation is almost the same for the two sexes. The pharyngeal narrowing happens due to the tongue root retraction in the oropharyngeal region. The average narrowing percentage of the oropharynx for males is 11% and for females 6.5%. What seems to prove that hyoid bone elevation and larynx raising are the result of tongue root retraction is the fact that the more the tongue retracts the higher the hyoid bone elevates and the larynx raises. This is clear across gender where males retract the tongue more than females. This finding goes in line with the speculations of Giannini and Pettorino [9] .
Conclusion
The main articulatory features accompanying the production of emphatic consonants have been identified across Jordanian male and female speakers. Videofluoroscopic images show that emphatics are produced as pharyngealized sounds. They start with the tongue root retracting into the oropharynx and the hyoid bone elevating and the larynx raising as a result. Further studies are needed to examine at what age children master emphatics in Jordanian Arabic. Future research might also include electromyographic analysis to trace the sequence of muscle activities in the production of emphatic consonants and explain how tongue root retraction elevates the hyoid bone and then raises the larynx.
